In good conductors optical phonons are usually screened, and therefore not observed. However, sharp features due to infrared-active modes in the copper-oxygen planes are observed in the optical conductivity of Pr 1.85 Ce 0.15 CuO 4 and YBa 2 Cu 3 O 6.95 . Oscillator strengths indicate that the screening of these modes is poor or totally absent. These materials are compared with h-Mo 4 O 11 , in which lattice modes appear suddenly below the charge-density wave transition. It is proposed that poor screening in the cuprates originates from fluctuating charge inhomogeneities in the copper-oxygen planes.
Since the discovery of superconductivity at elevated temperatures in the cuprate family of materials, there has been considerable study and debate as to the role (if any) that the phonons play in these systems [1, 2] . In the past, detailed optical studies of phonons in the superconducting cuprates have been primarily along the poorly conducting c-axis direction [3] [4] [5] . Optical studies of the in-plane lattice modes have been mainly Raman scattering experiments. The failure in the past to observe optical phonons in the highly conducting copper-oxygen planes has been attributed to the presence of screening currents due to the free carriers [1] . It is generally accepted that the lattice modes are only weakly coupled to the free carriers [6] .
In this Letter we present evidence that the infrared-active lattice modes in the cuprates are generally poorly screened, or totally unscreened in the conducting copper-oxygen planes.
These systems are compared with the model system h-Mo 4 O 11 in which the lattice modes are effectively screened [7] until an incommensurate charge-density wave (CDW) forms. This suggests that the anomalous behavior may be related to fluctuating charge inhomogeneities in the copper-oxygen planes, similar to the static charge-ordered phase which has been observed in some of the nickelates [8] .
For phonons to be optically active requires an induced dipole moment that can couple to electromagnetic radiation. In strongly ionic materials, like the alkali-halide salts, the formal charge is localized on the ions, which together with the absence of any free carriers results in the strong optical activity of the optic ("Reststrahlen") mode. The strength (~v 
where a 0 is the Bohr radius. This form of the potential decreases quickly to a negligible size at a distance greater than l s . For copper, n ഠ 8.5 3 10 22 cm 23 yields l s ഠ 0.6 Å, which is much less than the nearest-neighbor distance (ഠ2.5 Å), indicating that the cores are heavily screened from each other. In a covalent system where the charge is delocalized and the ionic cores are screened, the optical phonons are expected to be very weak (i.e., a feature of less than 0.01% when the reflectance is close to unity).
Initial reflectance studies of the high-temperature cuprate superconductors emphasized signal-to-noise over resolution in an attempt to accurately determine the reflectance at low frequency [6] . However, recent refinements in which the entire face of the crystal may be studied [10] allow sufficient signal-to-noise in the reflectance (better than 1000:1) at high resolution (#2 cm 21 over a wide frequency range for light polarized along the a direction (which probes just the CuO 2 planes) [11] , and for the electron-doped Pr 1.85 Ce 0.15 CuO 4 material for light polarized in the a-b plane [12] . The spectral resolution in each case is 2 cm 21 . Both materials are optimally doped with respect to T c . The optical conductivity has been calculated from a Kramers-Kronig analysis, and the results are shown in the upper and lower panels of Fig. 1 for the hole-and electron-doped materials, respectively. In YBa 2 Cu 3 O 6.95 the overall behavior of the conductivity is similar to other studies [13] and has been discussed in a separate publication [11] . However, there are also three clearly discernible peaks in the room-temperature conductivity, which narrow with decreasing temperature. The optical conductivity of Pr 1.85 Ce 0.15 CuO 4 is more complicated. While there is only one strong feature at room temperature, there are several weak, broad features that become sharper at low temperature. In both systems, these are modes that are very close, or identical to, the infrared-active vibrations observed in the undoped materials [14, 15] , and are therefore assigned as the infrared-active B 3u and E u modes in the hole-and electron-doped materials, respectively [16] . The low-frequency modes observed in the insulators are too weak to be observed in the doped systems with the current signal-to-noise ratio. The phonons have been fit using a series of Lorentzian oscillators
where w j , g j , and v p,j are the frequency, width, and effective plasma frequency of the jth vibration. The dimensionless oscillator strength is written as
The results of the fits using simple linear backgrounds are listed in Table I , and compared with the phonon parameters that have been observed for the undoped systems [15] . In the electron-doped system, the oscillator strengths of all of the observed infrared-active vibrations have decreased slightly in the presence of doped carriers (S is proposed that these features may be explained by the presence of fluctuating charge inhomogeneities [7] . The free carriers in h-Mo 4 O 11 are known to be confined in the b-c planes, resulting in quasi-2D electronic properties [18] . This material undergoes incommensurate CDW transitions at T c1 ഠ 110 K with an incommensurate CDW modulation of q 0.23b ‫ء‬ , and T c2 ഠ 35 K ͓q ͑0.42b ‫ء‬ , 0.28c ‫ء‬ ͔͒. These CDW transitions are observed primarily in transport [19] , having only weak structural distortions associated with the transitions [20] . However, the Fermi surface is only partially gapped so that the general trend is that the material continues to become more metallic with decreasing temperature. As Fig. 2(a) shows, at 115 K (T * T c1 ) the conductivity is quite high, and there is no sign of optical phonons in either the optical conductivity, or the reflectance (shown in the inset). Despite the absence of features in the reflectance, weak absorptions in the powder absorption spectra have been identified as infrared-active lattice modes [21] .
At 115 K, the observed carrier concentration in h-Mo 4 O 11 is n ഠ 2 3 10 22 cm 23 [19] , or l s ഠ 0.7 Å, comparable to the screening length in copper (ഠ0.6 Å). At 85 K (T c2 , T , T c1 ), a dramatic change occurs; while the overall value of the low-frequency reflectance has changed by less than 0.5%, a variety of new, sharp spectral features have appeared in the reflectance and the conductivity, as shown in Fig. 2(b) . Some of these features are the normally active infrared modes which have been observed above T c1 in powder transmission experiments [21] . However, there is new structure as well.
The presence of strong features in the conductivity below T c1 is surprising given the absence of a fully gapped Fermi surface, only a slight decrease in the conductivity, and a high carrier concentration [19] of n ഠ 6 3 10 21 cm
23
(l s ഠ 0.9 Å). This suggests that the screened lattice modes become suddenly visible either as a result of the incommensurate CDW altering the nature of the screening currents, or in the case of new structure [21] by allowing lattice modes to couple to the charge modulation created by the incommensurate CDW. This latter behavior has been extensively studied in the one-dimensional (1D) molecular crystals with CDW distortions, where the totally symmetric vibrations are activated as "phase phonons" (phase oscillations of the stabilizing CDW) which arise from the linear coupling of the modes to the conduction electron molecular orbital [22] . An attribute of phase phonons is that they appear as resonances in the conductivity below the gap energies, and as antiresonances above [22] . The low-frequency modes in Fig. 2(b) (&200 cm 21 ) have the appearance of resonances, while at high frequency (v * 350 cm 21 ), the modes appear to be antiresonances, in agreement with estimates for the maximum value of the gap in this material of 2D max ഠ 270 cm 21 [7] . The clearest example of an antiresonance is at low temperature in Fig. 2(c) at ഠ420 cm 21 , but it is possible that there are others as well. Phase phonons often display enhanced oscillator strengths, and several of the modes in Fig. 2(c) have oscillator strengths that are much larger than those typically seen in other transition-metal oxides [7, 15] , suggesting that they may couple to the CDW.
In Pr 1.85 Ce 0.15 CuO 4 , the carrier concentration has been estimated at n ഠ 1 3 10 22 cm 23 [23] , which yields l s ഠ 0.8 Å. While some screening occurs in the electrondoped material, the phonons are still clearly visible. In YBa 2 Cu 3 -O 72d just above T c , the carrier concentration has been determined to be n ഠ 6 3 10 21 cm 23 [24] ; if half of the carriers reside in the CuO 2 planes, this yields a screening length of l s ഠ 1 Å, comparable to the screening length in h-Mo 4 O 11 above and below T c1 . The values of l s in the cuprates are close to those observed in h-Mo 4 O 11 . However, the lattice modes in h-Mo 4 O 11 become unscreened not due to a dramatic increase in l s , but due to the formation of a CDW. It therefore seems likely that the poor or total absence of screening in the cuprates is also due to the presence of some charge inhomogeneity in the CuO 2 planes. There is considerable evidence for charge inhomogeneities in the cuprates [25] . However, it has also been suggested that any charge inhomogeneities in the cuprates are a dynamical effect, rather than a static one [8] .
An inhomogeneous charge distribution in the CuO 2 planes may allow the observation of normally screened modes by (i) altering the path of the screening currents in such a way that the ionic cores are no longer effectively screened, (ii) altering the nature of the transport to a "diffusive" process in which the carriers move much more slowly than the ionic cores, thereby allowing the lattice modes to couple to the infrared radiation, or (iii) by allowing the lattice modes to couple directly to the charge structures, in a manner similar to the phase phonons observed in h-Mo 4 O 11 .
In the first instance, charge inhomogeneities in the CuO 2 planes (a "stripe" phase) may lead to "carrier-rich" and "carrier-poor" regions [8] ; if screening currents move effectively only in the carrier-rich regions, then the ionic cores will no longer be effectively screened, leading to absorption. On the other hand, there is good evidence that the transport in the CuO 2 planes is not that of a Fermi liquid [26] , so that charge inhomogeneities may result in transport properties where the carrier movement is very slow (diffusive) with respect to the motion of the ionic cores. Thus, the carriers will not be able to effectively screen the induced-dipole moment, and the phonons will be optically active. Finally, it may be possible that some lattice modes are coupling directly with a dynamical charge modulation, regardless of whether screening currents are present or not. This mechanism may explain the increase in oscillator strength with doping of the 275 cm 21 mode in YBa 2 Cu 3 O 6.95 . However, the majority of the lattice modes have oscillator strengths similar to those found in the insulating materials [15] , so that if there is coupling to charge structures, it is in all likelihood of a different nature than is found in the 1D systems. Note that all of these arguments assume that the dynamical charge inhomogeneities or charge modulation occurs much more slowly than the motion of the ionic cores.
In summary, we have presented evidence for very poor screening of the infrared-active lattice modes in the highly conducting CuO 2 planes of Pr 1.85 Ce 0.15 CuO 4 , and a total absence of screening of these modes in YBa 2 Cu 3 O 6.95 . It is likely that this optical activity has its origins in dynamical charge inhomogeneities, which change on a time scale much longer than the lattice vibrations. The mode at 275 cm 21 in YBa 2 Cu 3 O 6.95 may also couple to these inhomogeneities, resulting in an increase of oscillator strength. The slight difference in the degree of screening between electron-and hole-doped materials may indicate that electrons and holes behave differently in the cuprates. Infraredactive lattice modes may provide a unique tool with which to probe the charge dynamics in this interesting class of materials.
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